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contains matter of which to a great extent the members are already
aware.

I have no doubt, gentlemen, you will confirm the Council's
decision.

RESUMPTION OF DISCUSSION ON PAPERS BY MR. A. D. WILLIAMSON,
ON "APPLICATIONS OF ELECTRICITY IN ENGINEERING AND SHIP-
BUILDING WORKS," AND MR. A. B. CHATWOOD, B.SC, ON " ELECTRIC
DRIVING IN MACHINE SHOPS."

Mr. H. A. MAVOR : I am glad to have an opportunity of expressing Mr. Mavor
my thanks to Mr. Williamson for this paper. It |is one of the most
useful and practical papers that we have had before us, and one
that lends itself to useful discussion. There are some points in it
which, with your permission, I would like to emphasise. We have
on page 930 an interesting table of Works Costs. I have taken the
opportunity to compare these costs, not with those of other electric
installations, but with an entirely different group of costs.

It has always seemed to me important in considering the costs of elec-
trical production, more especially in factories, that we ought to place our-
selves, not only on all fours with what we and our friends in the same
business have been able to do, but with what is being done in other
regions. I happen to have a pretty complete tabulated record (Table I.) of
a group of costs taken from different parts of the country and over widely
different industries ; and I have found it interesting to compare these
costs with one another. For the sake of convenience I have reduced them
to terms of cost per unit, by translating the indicated horse-power into
units by taking 600 watts per I.H.P. ; and also for convenience I have
translated the coal into a uniform price of icod. per ton, which is a
convenient figure for calculating, and not very far from about the
average cost over the country. That iworks out to oT>45d. per lb.
Having the figures in that form, it is easy to see how many pounds of
coal are being used per killovvatt or per horse-power as the case may be.
I find that the best kind of business for economical power production is
to be found in weaving and spinning factories. Flour mills are nearly
as good ; and the very worst and the most expensive power production
in .the whole range of British industry that I have been able to find is
in engineering workshops. That is not difficult to explain, and it is
interesting in this connection, because we are here dealing with an
engineering workshop. It is pleasing to find that in this workshop the
costs of power production are not hopelessly bad ; but they are a good
deal worse than the best, and that is the point that I wish to call
attention to. I have eliminated from the comparison the repairs and
the cost of water, because they may vary under widely differing
conditions ; and as the depreciation figures in this paper are not given
in detail, I think that it would be well also to eliminate them. I have
made a very simple comparison between the best record I have of power
cost—it was a spinning mill in Lancashire—and the two first cases
which are given in some detail on pp. 930 and 931 of Mr. Williamson's
paper. The most startling difference is in the wages per unit. This is
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a point which I think deserves our most careful consideration. We Mr. Mavor.
are quite accustomed to trust our lives in trains running at sixty miles
an hour, with a man of the working class and a stoker looking after the
engine, which may be of a thousand horse-power. I think you will find
it not a very difficult calculation to ascertain how much that runs out
per horse-power per hour. It is not much ; it is not anything like a
tenth of a penny per unit. The best record that I have been able to get of
actual results from year's end to year's end in wages is the equivalent of
0<022d. per unit in a spinning mill which also has a very low consump-
tion of coal. To-day I took the opportunity of going through the valuable
tables in Lightning for power productions. I am very much, surprised
to find that one of the cheapest power-stations is in London—West-
minster, which is O'i6d. per unit, Bradford and Edinburgh being each
0*09 per unit. Each of these latter is four times as high as it is in the
spinning mill. Those of us who are familiar with the conditions of
working in such factories, where power is a very important element
in the prime cost, and where consequently it has been carefully sought
to reduce it to its lowest figure, know that the conditions there are
very different from what they are in an electric generating-station. I
think it is time that we electrical engineers should realise that it is not
necessary to have expensive labour for looking after electric machinery.
If we do not believe it, then users of electric machinery are not likely
to be convinced that they can dispense with expensive labour. I am
glad to find that Mr. Williamson has grasped this point. I do not
offer this by way of criticism, but for the purpose of emphasising what,
among the multiplicity of other matters, he has not been able to so fully
call attention to. I think that it is this very point of labour cost which
leads Mr. Williamson to recommend large units running at slow speed.

Larger units would necessarily result in a very great difference in coal
economy. In fact there is considerable room for coal economy in the
cases under consideration as compared with the spinning mill I have
been referring to. The cost, correcting the price of coal to iood. per
ton, is O'i68 per unit at the mill, as against C27 in works (a), and
0̂ 29 in works (b). I may incidentally point out here that I do not
quite understand Mr. Williamson's comparisons. He says there is a
difference of the tenth of a penny. I think that is largely due to coal
being cheaper in the second works. The actual saving appears to be
about the half of that, when the coal is reduced to a common figure for
cost.

The use of low-speed units is another important point which I
should like strongly to advocate here. Those of us who are building
dynamos know that the attention which a dynamo requires is entirely
at the commutator, and that if you have a high-speed commutator,
there is necessity for frequent adjustment and attention from the
attendant; and that as our units increase in size, we ought, if we use
high-speed engines, to keep the commutators as small in diameter as is
consistent with proper working, and have the surface speed as low as
possible.

Then Mr. Williamson recommends an increase of voltage. It is
easy when one looks over an installation of this kind, with over
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Mr. Mavor. 10,000 horse-power, to say what a pity it was not begun on better lines;
but we must not forget that experience has to be gained, and experience
here thoroughly confirms what one would expect, namely, that higher
voltage and the three-wire system would be recommended for future
extensions, as Mr. Williamson mentions. I think one of the most
important features in the improvement produced by the use of bigger
units, is the abolition of the switchboard with all its complications.
The abolition of compound winding is a natural consequence of the
increase of size, because the percentage drop on big units is much
less than the drop on small ones. With big units there is no necessity
for any switchboard at all. Switches for heavy currents are very
ornamental and expensive ; but every one knows that the last thing
one thinks of is to switch off the heavy currents at the switchboard.
Those switches are never used, and therefore ought not to be there.
The abolition of the switchboard abolishes the switchboard attendant
and his cost. One point I would like to ask Mr. Williamson is, Can he
give us any record of the breakdowns that have taken place, and the
nature of them ? He mentions that the engines when opened out
show very little wear on the cylinders ; but what about the valves, and
what number of breakdowns have been recorded in the course of
working? I expect that his answer will be that they have been
extremely small. I wish to use this as an argument for reducing the
number of units; we only have one engine on an express train; we
have very many steamers crossing the ocean with only one engine—at
most two ; and therefore it does not seem as if there was any sense in
having five or six units in a power-station. On page 935 of his paper,
Mr. Williamson very rightly points out that the varying methods of
applying motors to machines do not in themselves result in great
differences in economy. The real point is that, after all, electricity is
only a means of distributing power, and that economy is to be got in
the generating station. The loss in shafting is frequently very high,
but 1 do not think we always remember that the interest on the cost of
the electric plant is also high. The real argument for adopting electric
drive is the possibility of introducing economical plant into the gene-
rating stations. Then with regard to the speed, weight, and price of
motors. If I may be pardoned for introducing a personal suggestion
of my own here, I think that if we want slow-speed motors, we cannot
do better than turn them outside in—put the armature outside the
magnet, and you at once get a very high speed for the wires on the
rotor of the machine—a high peripheral speed without a high rotative
speed. The difficulties of lubrication have been solved and there is not
any difficulty left. Some of the older members of the Institution
will remember that there was a machine in the very early days in which
there was a fixed internal magnet—the Elphinstone-Vincent machine ;
that is capable of development in a very satisfactory way. I had the
pleasure of showing last year at the Institution of Civil Engineers a
motor constructed on this principle, which gives exceedingly low speed
with a very small size—a one horse-power motor, at 500 revolutions,
only a foot in diameter and a foot long.

^.r-s
e
elby Mr. D. L. SELBY BIGGE : I have read this paper of Mr. Williamson's
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with the very greatest interest. For the past fourteen years I have M.r-
been engaged in the work upon which Mr. Williamson touches—that
is, the application of electric power to the driving of works and different
industries. I think that this paper is of the very greatest value. It is
practical and sound from beginning to end. The points that Mr.
Williamson brings forward, as he says, are facts within his own
experience, and they should carry great weight, I think, with the
members of this Institution. All the points that he brings forward
most thoroughly corroborate all the statements that other writers on
this subject have put forward; in fact, my views so thoroughly coincide
with those of Mr. Williamson upon those points, that it is very difficult
for me to criticise what he has said. In going briefly through this
paper I find, looking at page 926 in the first instance, that Mr. Williamson
has had to deal with works which have been gradually growing, and
it has been very difficult for him from the outset to formulate a scheme
for the whole of those works. I have always found that it is of the very
greatest importance when considering a scheme for a works to take the
whole of the works into consideration from the outset, and as far as
possible to take all possible extensions into consideration ; and when
you have arrived at the whole of the power that the works are at the
present time using, and what they are likely to use in the future, then
total that power up. Supposing that the power amounts to 2,000 or
1,500 horse-power, for the sake of argument, you then immediately split
up that power into certain fixed units; and I think that the greatest
economy can be derived from the plant in which there are never more
than two units working at the same time. That to a certain extent
bears out what Mr. Mavor has just now said on the subject of large
units and in favour of having few units working; but I can fully
appreciate the great difficulty in Mr. Williamson's case that he had in
that direction. I had the pleasure of visiting Messrs. Vickers-Maxims'
works, when Mr. Vickers showed me all round the works at Sheffield,
so that I have some slight knowledge of the conditions that Mr.
Williamson had to tackle. I must say that the result has been most
satisfactory. In the case of the engine-works power-house I see that
he has allowed for five sets; it seems to me that to get the greatest
economy out of such a generating plant there are too many units, and
that it would have been better if it could have been so arranged as to
have made units larger and never to have more than two running at one
time. There are cases in which we have very large works being driven
off one unit, and then you have only the one superintendence of the
one unit to provide for. Of course you have the standby plant as well.
On page 932 Mr. Williamson states that his experience of "high-speed
vertical engines running under the severe conditions of continuous
heavy loads has been perfectly satisfactory." I can thoroughly corro-
borate that, for up to certain horse-powers I have found exactly the
same thing. But in the case of getting up into very large horse-powers,
such as 1,000 horse-power, 1,500 horse-power and upwards, we then
have found the greatest economy resulting from either triple expansion
engines and generators running at slow speed, or the compound hori-
zontal flywheel type engines and generators, with condensing arrange-

VOL. 32. 66
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•Mr. Seiby ments and superheated steam up to a moderate number of degrees, to
'gge- dry the steam thoroughly, with all accessories such as Green's econo-

misers, water-cooling towers, and appliances of that kind. I next come
to the question of cables, which is referred to on page 932, and I notice
that a light insulation is used to avoid short circuits. That may be very
useful. Of course you have to take every case on its own merits, but
after a certain number of years the light insulation generally wears off,
and then you have no insulation at all. I prefer as a rule to keep
the conductors as far as possible bare. Coming to the motors, Mr.
Williamson says, " It must be owned that most of the success of electric
driving has been due to the great improvements which have recently
been made in manufacturing motors." That undoubtedly is a very
great point. The construction of motors in recent years has advanced
enormously, and breakdowns are almost unknown now with well-
constructed, carefully made, motors. "At the outset a strong effort
was made to cut down the number of sizes of motors." That is another
point which I think is very important also in works, that you should
have as few numbers of sizes of motors as possible, so that one set of
spares will do for the whole of them. On the question of gear, Mr.
Williamson says, " Friction gear is inefficient and cannot be applied for
large powers." I quite agree with that. Also he says, " Belting is of
course applicable to nearly all cases, the slipping being a positive
advantage where heavy shocks and reversals of machines take place."
I can thoroughly corroborate that. On the question of variable-speed
motors Mr. Williamson gives some very interesting particulars, and the
case he tells us of a 5 horse-power motor with a range of from 300 to
goo revolutions for the return stroke, running at the high speed of the
motor, is very interesting in the case of a lathe or planer. I notice
that Mr. Williamson states that there are about n o variable-speed
motors in use at the Sheffield works, showing that they have found
those to be a distinct advantage. The rest of the paper deals very
largely with motor tests, and will be no doubt very valuable indeed as
a reference* On page 954 Mr. Williamson gives us the specific case of
the Wellman charger, which shows the very great economy that can be
derived from the application of electric driving. He says, "Summing
up the advantages, we have a reduction in the wage costs of melting of
50 per cent., with an increase in the output of 25 per cent." That is
very strong evidence in favour of such machinery. On page 962 Mr.
Williamson says, " I t would be interesting to hear some experiences of
engineers with circuit-breakers fitted in such power installations as
those described in this paper." If I may be allowed to give my own
personal experience in the matter, it is this, that we find that for small
machines and small tools, such as punches, shears, and such like
machinery, the circuit-breaker is in most cases a nuisance rather than
a benefit, and we find it best in such a case to apply distributing
switchboards fitted up with fuses to the different motors. We find that
to be the most practical and sound practice. The next point which
Mr. Williamson deals with (on the same page) is the saving due to
electric driving. It is very difficult indeed to arrive at the saving due
to electric driving unless you have absolutely parallel cases—that is,
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unless you take a works that was formerly driven by steam and Mr.-Sciby
completely equip it with electric power, and then compare the results 'SS6- •
after the transformation with the actual work done before. That is
the only way to get at an accurate result. Some time ago I spent a
very great deal of time and attention on that very point, and I tried to
get a number of statistics. I found that in the majority of instances
the saving due to the introduction of electric driving in place of steam
(that is to say, in works such as shipyards, or works where the power
was subdivided up into a very large number of units) varied between
35 and 50 per cent. That was drawn not from one case, but from a
great number of different works. I got the opinions of the different
works' owners and managers on that very point, asking them what they
had found was the actual saving after the substitution of electric driving
for steam. It varied, as I say, between 35 and 50 per cent. I see that'
Mr. Williamson has done even better than that, because he states that
at their works the actual result was the saving of half the coal bill, with
•an increase of over 50 per cent, in the output.

Dr. B. WIESENGRUND : It would be interesting to learn from Mr. Dr. Wiesen-
Williamson whether, at least for the plants erected in 1S97 and later,
alternating current has not been considered ; or what have been the
reasons for adopting 220-volt continuous-current plants even for the
latest installations. Considering the large extent of the works, it would
seem likely that alternating current would have offered advantages in
first cost as well as in maintenance. Perhaps the question of speed
regulation gave the decision in favour of continuous current. It may
be of some interest that the difficulty of speed regulation with alter-
nating-current motors is overcome in an arrangement patented by Mr. ' : '
Wiist, Zurich, who uses different stators and rotors with different
numbers of poles combined in a common casing. The outputs of the
different elements need not be necessarily equal; it is possible td
arrange, for instance, the maximum output at the lowest speed. These
motors, together with suitable gearing arrangements, give exceedingly
simple designs of electric machine tools which I might differentiate
from those originally designed for other kinds of drives. For the
complete success of electric power transmission in engineering works
it seems necessary that machine tool manufacturers arid. electrical
engineers should work in unison, and probably this union would bring
to the front designs similar in simplicity to those of which I would have
pleasure in putting before you some drawings and photo prints. In
these designs the motor is a component part of the machines, and its
attachment to the working portion, avoiding intermediate gearing,
produces a considerable saving in power and first cost of Hie machines,'
besides the latter being much more compact than the ordinary designs.
The application of a continuous-current motor with speed regulation
described by Mr.. Williamson in a vertical planer or slotting machine,
the motor reversing at each stroke of the machine, is certainly very
interesting, but it can only be regarded as an example of the hard work
that modern motors can stand. Whether such an arrangement is
advisable from a technical point of view seems doubtful. The special
conditions in planing machines, namely, slow working and quick
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Dr. Wiesen- return stroke, make it desirable not to reverse the direction of rotation
^run ' of the motor, but to make use of the kinetic energy accumulated during

the working stroke in the motor or a flywheel for the quick return
stroke, and only to raise the speed of the motor together with the
reversal of the machine. An arrangement similar to that adopted in
a hoisting drum, namely, two bevel wheels always engaging with the
driving wheel on the motor shaft, the wheels being operated by a
friction clutch, the coupling to the machine formed as a flywheel
would answer the purposes. Wi th a multi-speed Wiist motor it is
very simple to change direction of motion of the gear and motor
element in circuit by means of one lever automatically. In such a
case a short-circuited rotor can be used, as the motor can be started in
the central position of the clutch without load. It would be interesting
to learn whether any experiments have been made in this country to
regulate the speed of continuous-current motors by means of altering
the depth of the air-gap. Mr. Wiist has designed, patented, and
successfully applied this principle to many motors with two, four, and
more poles, always operating with a single lever. Wi th regard to the
gearing, it would be interesting to hear whether any experiments have
been made at Messrs. Vickers, Son & Maxim's with double helical
wheels. The advantage of such wheels is the entire absence of back-
lash, ensuring noiseless running, especially if the wheels are machine-
cut out of the solid, as patented and manufactured by Messrs. Wiist
and Co., Seebach-Ziirich. As double reduction gears, in a special
arrangement made as a substitute for worm gears, for reductions
up to i : 60 a minimum efficiency of 90 per cent, can be guaranteed.

Mr. Alien. Mr. W . H. A L L E N : In reference to the driving ar rangements

shown on page 935 of Mr. Williamson's paper, nothing is said with
reference to the resistance which is given in the matter of shafting.
W h e n we designed the works at Bedford I thought that we might
bring about economies in some directions by improvements in the
mechanical movement, so I sent round to a large number of works in
this country and in America to compare notes how they distributed the
resistance from the generat ing power independent of the drive, that is
whether it was mechanical or electric. W e found that the average was
something as follows : one-half of the power was expended in the
shafting, the other half was expended in the movement of the tool and
the work done. No tool maker has yet made any determination to try
and improve the efficiency of the tools, and it is lamentable to see what
a large amount of effort is taken in actually working the tool, while so
very little is taken in the actual work done of cutt ing the metal. The
best and largest tools only give us a duty of about 30 per cent, of the
total generating power, while in the case of the smaller tools they give
us as low as 10 or 15 per cent. Nothing much can be done, however,
in the economy of these two divisions of the generat ing power * but in
the matter of the shafting we have been enabled to show a very
considerable saving by dispensing entirely with the top gearing. The
power taken for driving the shaft may be divided as follows : it is
50 per cent, for the whole shaft, 25 per cent, being for the shafting pure
and simple, while the top gearing absorbs the other 25 per cent. If the
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latter can be dispensed with, we have a wholesale saving of 25 per Mr. Alien,
cent, of the total generating power. At Bedford we made an effort to
save that, with very considerable success, by eliminating top gearing
and substituting a cone or sleeve on the shafting itself, which was
worked by a cone clutch. It may surprise those who have never gone
into it, to learn that of the whole number of tools at work in an
engineer's shop, nearly half are idle all the daylong ; only 50 per cent,
of the tools are actually at work at the various processes which they
have to perform. Wh'en tools are idle, under the old mechanical form
of drive, you have to work the top gearing and the belting at a loss of
25 per cent., whereas at Bedford, by the means we have employed
there of using the cone, the moment the machine is out of gear the
whole of its resistance is saved against the generator. I hold that to
be a very considerable saving. It has been adopted by several other
gentlemen who have built works since we started. There is one other
advantage in the employment of this particular form—that is, that each
tool can be driven separately by an individual motor in case of
emergency, as for overtime or in the dinner-time. We have a small
barrow in which there is a motor which is wheeled up to any particular
tool, and in a few minutes that tool is at work independently of the
main generating plant. As I have said, the saving derived from the
method we have employed at Bedford is as much as 25 per cent, of the
whole of the generating power from the main engine. I think that is
worth knowing in designing works of this description.

Mr. J. S. FAIRFAX : Mr. Williamson, in his most excellent paper, Mr. Fairfax
says that 1,311 motors have been applied to driving eleven different
classes of works in seven different districts or workshops throughout
the country. It seems to me that the experience which he gives us
will be of the utmost importance and advantage to both mechanical
and electrical engineers. He states also his experience of the gearing
that he has employed. He has used seven different kinds of drive,
but the only three which he feels are to be depended upon are spur
gearing, belting, and chain gearing. So far, the machine tool makers
have designed their machines from the line shafting, and therefore
when you apply electric motors to the driving of these tools there is a
great difference in the speed, which must, of course, be reduced by
outside gearing. Mr. Williamson seems to have endeavoured to
standardise his speeds as well as the dimensions of his motors, for it
appears that the majority of them (although, of course, there is a great
deal of discrepancy according to the work) were run at about 600
revolutions per minute. The electric motor builders do not seem to
have met that problem as much as they might have done. They might
have used some mechanical means for reducing their speed to a speed
somewhat approaching that of a line shaft, as the full motor speed is
seldom required. Mr. Williamson has used his variable-speed motor,
and found it a very great success. Certainly it is an advantage to use
it for many reciprocating tools, and also for drills and boring machines,
and tools of that sort. I think his motor is capable of very large
development in the future. Incidentally it is readily used to measure
the power given to each tool under different conditions of working,
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Mr. Fairfax, and may thus bring about a great saving of power, as suggested by Mr.
Alleoi. I have been giving some little attention to this matter of motor
driving, and I would apply the gearing directly on the motor—whether
it-is an engine or an electric motor makes no difference; and instead
of doing it in the usual way by reducing the speed outside the motor,
I would make the motor pulley—supposing it is driving a belt—go
round a fewer number of revolutions than the armature shaft. The
model that is here is part of the motor itself, and gives a reduction of
about 17 or 18 per cent., but the principle is Capable of going up to
about 35 or 40 per cent, reduction, so that in a case where you are
using motors that have an armature speed of 600 revolutions a minute,
the arrangement shown by the model would give, say, 400 revolutions
a minute at the pulley. Then, if you were to put in a second pulley,
as there is in the model, you could get a variation of speed. By
turning the little steel shaft round there, you will see that the model
shows three different speeds. There is a. variation of about i j per
cent, between those two pulleys, but you can make the variation much
greater than that. If you put on an outside bearing, you can have four
pulleys, and suppose the armature shaft is running at 1,000 revolutions,
you can reduce down one pulley to 800, the next to 750, the next to 700,
and the fourth to 650. You will notice the peculiarity that, although
all the pulleys are of the same diameter, they give four different speeds,
so tha,t you can drive on to a drum on a lathe, dispensing with cone
pulleys, and change your speed while the machine is running, so that
you have not to stop the machine at all. You can do that from each
end of the armature shaft. If you want the greatest reduction possible,
without variation, you simply put on one pulley and make your full
reduction on that. There is another arrangement by which speed can
be reduced from perhaps 5 or 10 to one. The great point is that it
can be put on any motor and be self-contained without any outside
bearing whatever, so that the motor can be hung up on a ceiling, or
fastened immediately to the wall, ready to drive a machine.

Mr. Barker. Mr. J. H. BARKER : I would like to controvert Mr. Mavor's remarks
about the locomotive. He says a locomotive on a main line is run
with no standby. Although the locomotive is reputed to be so reliable
as to need no duplicate, yet if it is worked out, we find that the run
per engine is only about fifty miles a day ; the rest of their time is
spent in the repairing shop. As a manufacturer, I should be very
sorry to trust to a single locomotive in my power-house.

Mr. Russell. Mr. S. A. RUSSELL : I have read this paper with very great pleasure
on account of the great number of facts which it lays before us. The
paper is indeed so full of facts that it lends itself very little to criticism.
I think that, perhaps, the best way of taking part in the discussion will
be to give a few notes of my own experience of motor-driving at the
Silvertown factory of the India Rubber Company. The whole factory
is not driven electrically, as we have many good economical engines
driving through small amounts of shafting, and it was decided that it
would not serve any useful purpose to replace those engines by electric
drive. We had, however, plenty of engines a good deal older which
were not very economical, being supplied through long ranges of steam
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piping or transmitting their power through a great deal of shafting. Mr. Russell.
We commenced by replacing those, and also by fitting electric drive to
all extensions and new work. In that way we have arrived at a total
of over 150 motors aggregating about 3,500 H.P., and varying in size
from 150 H.P. down to 1 H.P. The class of work done is very various
and is of a very intermittent character, and many of the machines at
one part of the operation take several times as much power as the
average. Our 3,500 H.P. of motors does not call for more than a
maximum of 1,200 k.w. from the generating station, and the average
output taken over all the hours of running is only about 300 k.w. That
is partly due to the reasons just named, and partly also because we
have to run at night for a very small load. I am sorry to say we
cannot show such good results in the cost of generation as those that
Mr. Williamson gives in his paper for the Sheffield Works. At the
present time our plant is not working condensing, but we hope that it
will be so shortly; and that, coupled with the low load-factor, makes
our costs more like those obtained at Erith and Barrow than those very
excellent ones which were obtained at Sheffield. As to the class of
work that we do with electric drive, we use it for tools such as lathes,
planers, drillers, and wood-working machinery; for machines for
making rubber and guttapercha where we get very varying and heavy
loads, for cable-making machinery, and for a number of general
purposes, such as driving stamping presses, pumps, air presses, lifts,
cranes, pile drivers, capstans, and fans. With regard to the question
of separate motors for each machine or group of machines, we have
made a general rule that any machine requiring more than 5 H.P.
should have a separate motor, but we depart from this in various cases.
For instance, we have a line of similar machines driven from a line
shaft, and there we find it better not to drive all by one motor, nor to
put a motor to each machine, but to divide the big group up into two or
more smaller groups eachwith its own motor, arranged so that practically
any number of machines can be used according to the requirements
without ever having any appreciable amount of idle shafting or
machinery running. Also we have found it advisable with machines
such as stamping presses, punches, and planers, where there is a'con-
siderable variation in the load during a cycle of the operation, to group
two or three together on a motor if it can be done without loss through
a great deal of idle machinery running, the object being to save having
to put heavy flywheels on the motors to overcome the variation of the
load. We have also a number of motors smaller than 5 H.P., but we
have avoided those as much as possible. It is necessary sometimes,
owing to the position of a machine in the shop, or owing to the nature
of the work, to use smaller motors, but I think that the extra capital
cost and the lower efficiency, and, in the case of very small motors, the
extra cost of maintenance, all tend to make it uneconomical to use
motors of much less than 5 H.P. We therefore avoid them when
possible. With regard to gearing, Mr. Williamson has named spur-
gearing, chain-gearing, and belting as the only three gears which have
given satisfactory results. We use all three of those, but we also use
a great deal of worm-gearing, not for small loads or intermittent work,
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Mr. Russell, but for driving slow-running machinery which in some cases takes up
to 150 H.P. per machine. The machines are used in the manufacture
of rubber, and they have a very heavy and varying load. We have
found that worm-gearing has given us very satisfactory results. It is
impossible to make accurate measurements of efficiency with a load
varying in that way, but in comparing machines driven through worm-
gearing and machines driven through a train of spur-wheels, we cannot
find any very appreciable difference in the amount of power taken
by the motors. I do not think the loss is anything like so considerable
as many people suppose, if the worm-gearing is well made. I might
mention that we are not using ball thrusts, but a thrust block something
like an ordinary marine block ; but the collars on the shaft, instead of
being part of the solid forging, are separate collars threaded on feathers
with distance pieces in between. These have been made separately,
because we can more easily harden them and get a much better surface,
and that makes an enormous difference in the friction losses. The
rings in the block are phosphor-bronze rings, and between the collars
and the rings are two loose rings, one of phosphor-bronze and one of
steel, to reduce the surface speed of the rubbing parts. We have had
these thrust blocks and worm-gearing in use for over two years, and the
wear on the worm and thrust is quite inappreciable. They take up
much less room than a train of spur-wheels, and they run much more
smoothly and silently under a varying load. The cost of the worm-gear
at various places where we have compared alternative schemes seems
to run about 15 per cent, higher than the cost of spur-gear. With
regard to chain-gear we have not had much experience, as we have
only a few drives with it, but we find it most useful where two shafts
cannot be put far enough apart for a belt drive, nor close enough for
spur-gearing. We find the chain-gearing is from 25 to 50 per cent,
dearer than spur-gearing, and I should be glad to hear from Mr.
Williamson whether he finds that there is that difference in his
experience. Another matter which is referred to in the paper is the
type of motor and the improvements made in recent years. All our
recent motors are of course multi-polar with slotted cores, but we have
a large number of smooth-core motors, both bi-polar and multi-polar,
which have been in work for a number of years. There is no doubt
that the small wire-wound armature with the smooth core is very
inferior to the former-wound slotted-core armature. With the smooth-
core machines with drum-bar armatures we have got very excellent
results, and we have had motors which stand very severe work. We
have several of 75 H.P. with smooth cores, which have been running
for five or six years driving rubber machinery, where the load frequently
varies from absolutely light load (that is, merely driving the machine
round) to 25 or 50 per cent, over full load as the rubber enters and
leaves the rolls. I am pleased to say that during all this time we have
not had a breakdown of an armature on one of these machines. I
think that shows that the smooth-core machine is really capable of
doing a great deal more than many people credit it with. I should put
the change from copper to carbon brushes as almost a more important
change in allowing us to deal with motor drives as we do now. About
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circuit breakers, we have tried circuit breakers in the circuit of our Mr. Russell,
motors, but have had to give them up and to revert to fuses, as we find
that they are very uncertain. In the shops, of course, they are exposed
to a certain amount of dust and a certain amount of damp, and we were
continually finding that the circuit breakers stuck.

Mr. E. KILBURN SCOTT : One thing which should be borne in mind Mr. KUbum
in applying electric motors to a shop which has already been driven by Scott-
shafting is the flywheel capacity of the motor. In making a motor we
always try to get the armature and moving parts as small as possible ;
but if you put a motor to drive machinery which has already been
actuated by line shafting, having a large number of pullies and belts
and so on, you have there a good deal of flywheel power, and there-
fore, in applying motors to such machinery, it is well to provide
flywheels on the motor shafts or else in the gearing. It might pay to
reconstruct the motor, and as I suggested some time ago, build the
armatures'very large indeed—in fact build the armature outside the
field so as to get increased diameter and weight.

In one of the largest railway works in this country I recently noticed
an overhead travelling crane which is somewhat novel. The travelling
and traversing motions were driven by means of electric motors in the
usual way, but in this particular case the heavy lift was effected by a
pump and hydraulic mechanism on the crab. The pump was driven
by electric power, and a very nice exact lift was obtained by means of
the hydraulic ram, which, I believe, would not have been possible if the
electric motor had been coupled-up direct.

The authors of both these papers have dealt only with continuous-
current motors, but I do feel that in this motor work we are coming to
driving by three-phase. From a purely manufacturing point of view,
one finds that in plants fitted with three-phase motors there is never
any trouble about breakdowns or difficulty with the starting gear. But
with the continuous-current motors you may have a breakdown if the
"no load" or "overload" release gets out of order, or, as sometimes
happens, they are tied up to prevent them acting. It is the nature of
the continuous-current motor to be coddled in this way, and, moreover,
even if there is no sparking an attendant must go round regularly to fit
new brushes. With a three-phase motor, having a short-circuited rotor,
such as are used for driving a good many modern workshops, there are
no brushes, and the starting switch is of the simplest kind with nothing
to get out of order or be tied up. Again, more often than not motors
get into dusty places, and a cover must be provided to protect the
commutator, or the motor may have to be entirely enclosed and its
output considerably reduced. Now I believe the enclosed motor is
distinctly a fad, and it is very seldom, if ever, necessary with the much
simpler three-phase motor.

Another point in connection with three-phase is that the motor
speed depends primarily on the periodicity. And as most machines
require a steady speed, the three-phase motor is thus very desirable.
This feature is particularly useful when driving textile machinery, as is
proved by the extensive adoption of the three-phase motor in textile
factories abroad. It is often urged'against the three-phase motor that
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Mr. Kiibum you cannot get a variable speed with it, but such variation is easily
attainable. For small variations resistances can be used, and for large
variations the cascade system or varying the number of stator-poles
may be employed. As a matter of fact the long taper cone pulleys
with a short belt' between gives a very easy and cheap method of
varying speed for large lathes, etc. I do not think, therefore, that you
can bring the objection against the three-phase motor that you cannot
get variable speeds, because if need be you can get large changes
by altering the stator-poles, and you can get small intermediate changes
by a pair of taper cone pulleys. Another point is that if you go to the
trouble of measuring up the space occupied by a three-phase motor as
compared with a continuous-current motor, you will find that if you are
limited to space, you will get your three-phase motor in all right where
you will not get the continuous-current motor ; that follows from the
construction of the two machines. Whatever may be case just now, the
three-phase motor is bound to come out cheaper in the end/^Siit is so
much easier and cheaper to make.

It may be mentioned that there is very much greater uniformity in
the speeds of three-phase motors : thus at 50 periods per second no
synchronous speed is possible between 600 and 750 or between 750 and
1,000, and whatever the make of motor the speed will be these figures
less the slip of 3 or 5 per cent, as the case may be. Without effort or
trouble therefore the speeds of three-phase motors have become
standardised, and this is a very real convenience when applying such
motors to machines.

Mr. Gastcr. Mr. L. GASTER : I can also corroborate the great advantages of
applying electric driving in works. Allusion has been made to the
use of the polyphase motor for driving in factories, and whilst .not
wishing to discuss at this juncture the merits of the polyphase versus
direct current, I should like to mention a case which came under my
notice during my visit to Roumania last year. I had the opportunity of
seeing there the application on a very large scale of the polyphase
motor used for boring the wells in the petroleum oil fields, for pumping
the oil, and for driving all the tools in the workshop of the Company.
The power is generated from a waterfall available about 25 miles away
from the oil fields, and the fact that the water-power is cheaply trans-
mitted and that the motors are sparkless when using the polyphase
current, led the Company to adopt the polyphase in preference to the
direct-current system. The Company is effecting great economies in
using electric motors instead of the great number of scattered boilers and
engines employed previously, which not only were more costly to run,
but also more dangerous on account of the fire risks. The application
of electric motors to the boring of wells is extending rapidly also in the
Russian oil fields. I am often asked how it is that polyphase motors
are not so much used here ; but the reply seems to me to be simple
enough, in that there has been but little opportunity here for their
development up to a short time ago. There are, however, signs of an
-increasing demand in the near future, the reason being, that the power
•will have to be transmitted at a long distance from large central
stations which are being established throughout the country. I
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remember Professor Weber of Ziifich teaching us thoroughly first as Mr. Gastcr.
to alternating current, saying, that if you understand thoroughly the
alternating current, which is the originator of the direct current, it is
not so difficult to understand the latter. The progress made in the
development of the polyphase motor gives every encouragement as to
its future in this country.

I should like to ask Mr. Williamson a question with regard to the
generating plant used on the works mentioned. I notice that there is
a very great difference in the cost per unit generated. At Erith, for
instance, fuel costs 20s. per ton, and the works-costs there per unit are
about r id. ; in Barrow, with a cost for fuel.of 17s. per ton, the works-
costs per unit are about i^d., while at the Electric and Ordnance
Accessories Company, although the fuel costs 19s. iod. per ton, they only
pay o-55d. for the biggest part of the works-costs per unit. Probably in
the latter case it is due to the use of a gas plant (Dowson), which I '
notice that they have there. I see also that the present plant capacity
is only 375 kilowatts, and that the annual output is only 364,000 units.
Comparing the result of works (g) with those others where the price of
fuel is the same, but where the plant capacity is larger, and the output
ranging from 644,000 units to three and a half million units annually,
the price at the Electrical Ordnance Accessories Company compares
very favourably. I should like to know whether it would not pay in
the future to have gas-generators for driving instead of steam engines ?
because gas engines can be made now for very large units, and they
certainly have a great future before them. There is an enormous .
difference in the price of fuel between the two plants (6) and (g), and
where fuel is dear, the economy produced in using gas engines is very
great, the fuel item playing a very considerable part in the generating
•costs. Referring to the remark made by the author concerning the
..preference of fuses versus " overload release,'' I quite agree with him
that the use of the fuse as a protection is a much less troublesome
arrangement, but unfortunatdly there does not exist a sufficiently clear
understanding between the different makers of fuse and fuse-boxes to
-produce one good type which could be adopted universally. I think
that it is now time that something should be done in the matter, and
that we. arrive, at some understanding as to the standard type to be
adopted; -andi s6 do away with the existing discrepancies.

I vvish to draw special attention to the following poinj:. Some
contractors say that they will make electricity very cheaply, and they
put in the plant anyhow and say, " That it will be all right" ; but they
often omit to explain to the purchaser the proper way to treat his
motor, leaving him under the impression that the motor can do

• wonders, but he soon finds out that in not having been provided with
sufficient spare plant in case of a breakdown, the whole works have
to be stopped until the repairs are done, which causes a very great
loss. In factories where the value of the goods turned out by the use
of the motor is of many times greater value than the cost of driving
the motors, a breakdown leads to very great loss to the user of the
motor. It must be pointed out that only the best class of workmanship

, and the best material have to be applied, if electric driving is to be used
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Mr.
Patchell.

Mr. Gaster. successfully and economically in the long run. There are several
small trades like tailoring, cap-making, tobacco-cutting, etc., where
electric driving could be considerably used, but the people are simply
frightened away from motors on account of the troubles they some-
times give, which to my mind are mostly due to cheap and unreliable
fitting up. Contractors ought not to undertake to put up motors, or
any other electrical installation, at so cheap a rate as not to allow them
to ensure good finish. They should remember that it will greatly
assist the further development of the application of electric driving
in factories, if they will explain to the would-be customer that it is
absolutely necessary to have first-rate motors, sufficient spare plant,
and that a judicious distribution of the driving power will make his
factory more efficient. Only in this way can we safely expect a wider
extension of electric driving generally.

Mr. W. H. PATCHELL : In regard to the remarks of previous
speakers in the discussion, Mr. Barker has said that locomotives only
run one hour a day, and spend the other 23 in the repairing shop. I
do not understand the figures ! [Mr. Barker : I said they only ran
50 miles a day.] You can take it as one hour, because they often go
60 miles in the hour. I think that we might probably prove by figures
that the whole of the electric plant in the country could do the present
output if worked one hour a day at full load, such is the inefficiency
of the conditions under which it is worked. Then Mr. Scott votes
exclusively for three-phase motors. I do not think really that there is
a "best" for everything. Each has its best place. I have between
9,000 and 10,000 horse-power in direct current, and I have between
9,000 and 10,000 horse-power in three-phase current; but I do not
throw down my challenge and say which is the best—each has its best
place. We hear a great deal glibly talked about the variable speeds
of three-phase machinery ; but when you ask a man who is talking
like that to put his views on paper and talk about an order, he is
immediately very busy—he has to go offlteomewhere else very urgently,
and he cannot attend to it!

To come more directly to the paper, there is one important point
in factory driving which I should like to know more about, if Mr.
Williamson would tell us. As regards generators, they are generally
wound as shunt machines. In the paper sometimes Mr. Williamson
says " shunt" and in other cases he does not say whether they are
shunt or " compound." Station men, in thinking of a dynamo,
generally think of it as a shunt machine, because if we are fortunate
enough to be supplying direct current, we want to put them in parallel
with the battery, and if you start doing that with a compound machine
you often get fireworks; so we generally go in for shunt machines. [Mr.
Williamson : They are all shunt right through.] A small compound
machine will do for small works better perhaps than a shunt; but
when you get into big works, I think that a shunt machine is the best
thing to put in. Has Mr. Williamson tried the compounding of motors ?
[Mr. Williamson : Many of them are compound.] I think that one of
the prettiest things described in the whole paper is the variable-speed
reversing motor. One has been in the habit of using heavy planing
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machines, taking a cut in each direction, but if they are vertical Mr.
machines there are difficulties in the way of doing that, and this is a
very beautiful instance of the way in which the electrical engineer can
come to the rescue of the manufacturer. Mr. Allen mentioned his
cones, but I do not think that he said enough in favour of them. I
was greatly struck by the use of them on small tools when I went
through the Bedford shops some six or seven years ago. They are not
only very handy, but they save in the construction of the shop, and
they also save light. You get the light down far better if you have got
no horizontal belts from the majn shaft across to the counter shaft.
Mr. Russell spoke about smooth cores and slotted cores. I have tried
both. I have had smooth cores with steel teeth ; in the course of time
they chafed through—the machines I am speaking of now are probably
ten or twelve years old, and the machines of that date got rather warmer
than machines do nowadays ; that helped the cutting through, because
the expansion during load slackened up the insulation, and then when
we ran up again we got more chafing. As time went on we got
machines with wooden teeth ; they did not short-circuit on the steel
pegs, because there were no steel pegs to short-circuit on ; but if you
happened to have a short-circuit outside, you could take the teeth out
by the handful!

Mr. R. HAMMOND : It is a. very great pleasure to have results placed &{r-
u c • •. i.u • u 1T7-1I- . Hammond.
before us in so exact a manner as they are in Mr. Williamson s paper.
It is a tempting paper, but I will just confine myself to discussing the
point of cost of production. Some years ago, on one of the earliest
Power Bills, Mr. Williamson was produced as one who could show
that electricity could be generated and distributed at under one penny
per unit, which in the dark ages of 1893 was considered a very low
price indeed. Here he shows that in the two Sheffield works he has
brought the costs down, in the one case, to O7i6d., and, in the other case,
to o-675d. He certainly does demonstrate a fact that is often questioned,
namely, that it is quite possible to produce and distribute electricity at
a profit at a penny per unit. With the average costs that appear in
the Journal that was referred to by Mr. Mavor of 1*5 and even 2d. per
unit, Parliamentary Committees wonder how it is that any portion of
the power can be produced at so low a figure as id. per unit; but here
we have it in black and white, and that most satisfactorily disposes of
the idea that it is an impossibility. I should like Mr. Williamson in his
reply to tell us how it is that his.coal comes out at so high a figure.
With such a magnificent load-factor I should have thought that the
coal would be less, in the case of the North Sheffield station, than
o*3i5d. per unit, and in the case of the South Sheffield station, than
O"255d. per unit. We are well acquainted with stations in this country
which, working on the very moderate load-factors of io, n , and 12 per
cent., are achieving results equal to that; and I am curious to know, as
1 am sure we all must be, how it is that, at Sheffield, so high a propor-
tion is absorbed for coal. Possibly Mr. Williamson in his reply will be
able to give us an idea of the calorific value of the Sheffield coal. The
very high cosj: of coal seems to me to be the only weak spot in the
paper.
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Mr. Mr. W. H. P A T C H E L L : Mr. Hammond got very near it, but he did
not quite hit the bull's-eye this time. The figure for coal in the paper
is per unit generated, and the coal that Mr. Hammond has in his mind
(which he has got from the Electrical Times tables) is coal per unit sold
—which is a very different thing.

Hammond Mr. HAMMOND : Thank y o u ; I am very much obliged to you for
pointing that out.

Dr. Rhodes. ] } r w . G. R H O D E S • (communicated) : One of the points naturally
arising out of Mr. Chatwood's interesting paper is the choice between
alternating- and direct-current motors for machine driving.

As the author points out, where the speed of the machinery is
required to be constantly varied between wide limits the advantage
lies with the direct-current motor, but if, as is often the case, the speed
should be kept as constant as possible, the al ternat ing-current motor
has decided advantages. In private installations the current taken by
the motor at start is not a matter of great importance, and an induction
motor of the squirrel-cage type can now be made to rival the shunt-
wound direct-current motor both as regards efficiency and constancy
of speed, and at the same time is quite free from sparking troubles,
which constitute the great drawback of direct-current machines. Not
only is the fire risk less with induction motors, but they require less
attention and cost but little in repairs.

I must say that I differ from the author in advocating the purchase
of power from Corporations. It is quite t rue that the large margin of
power available is an argument in favour of th i s ; but where the demand
is large it is far cheaper to install a generat ing plant, on account of the
lower standing charges and the fact that there is then no network of
mains which have to be paid for out of revenue. It not unfrequently
happens, too, that a Corporation refuses to connect motors above a
given rated power, on account of their inability at certain times of
coping with such a large additional demand.

T h e lowest charge made, to my knowledge, by any Corporation for
energy is id. per B.O.T. unit, and this charge is only reached after a
certain minimum demand is guaranteed. If, as is frequently the case,
there is available steam, a private installation can generate at a cost of
^d. per un i t ; in fact it can be done at this price including all charges
for interest, depreciation, etc., by installing a gas engine with direct-
driven generator.

The precaution of arranging that the voltage of the private instal-
lation should be the same as that of the town supply is a very wise one,
for then the latter can be counted on in an emergency.

Mr. Aitken. Mr. JAMES A I T K E N (communicated) : Wi th regard to Mr. William-
son's choice of a voltage under 250, I agree with him that it will meet
the requirements ' of all ordinary-sized works. If this pressure is
exceeded, certain restrictions are imposed by the Board of Trade , and
special care has to be taken in the selection of suitable controllers for
voltages of 400 and upwards to prevent sparking. In the works I am
connected with—the class of machines are ship-yard tools—we have
adopted the individual motor drive for the machines, and, wherever
possible, have used direct spur-gear drive from the motor to the
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machine, the gear consisting of forged
steel pinions and steel-rimmed wheels
machine-cut. In using spur-gear care
should be used in selecting the motor,
as the ordinary motor for belt drive is
generally too light in the armature
spindle, and causes chattering. Until
recently it was difficult to get motors
suitable for spur-gear; these can now
be obtained, and there is no reason why
spur-gear should not be more generally
used, and thus do away with the belt-
ing and attendant pulleys.

On page 1004 is a list of a number
of machines showing the current taken,
horse-power to drive the machine, and
horse-power doing useful work. It may
be interesting to compare these with
the list in Mr. Williamson's paper. The
tests have been taken from the machines
working under normal conditions.

It will be noticed that in many cases
the power consumed in driving the
machine empty is a very great propor-
tion of the total power used. This is
also shown in Mr. Williamson's results.
The object one should keep in view is

• therefore to get your motor as close
up to the work as possible.

As an example of this, take a high-
speed radial drill running at 400 revolu-
tions per minute with J" twist drill.
Horse-power registered to drive

machine 7-5
Horse-power registered to drive

machine running light ' ... 5-0

Horse-power doing useful work 2-5
This machine is direct spur-geared

in the usual way. If a variable-speed
motor be placed on the drill-spindle
saddle, and direct connected to the
drill spindle with a pair of bevel

., wheels, 4 H.P. would be saved. In
the latest practice this method is being
adopted.

With .regard to the fluctuation of
the load, the cranes give the most
trouble, as they take a large amount
pf current for short periods. If the

Amperes.
200

Mr. Aitken.

565

FIG. A.
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LIST OF MACHINES, WITH HORSE-POWER REQUIRED, ETC.

220 VOLTS. (AITKEN.)

TYPK OK MACHINE AND WORK
OPFRATED UPON.

Cold Iron Circular Saw, cutting)
i4" x 6" R.S.J :. \

Ditto, running light

Iron Band Sawing Machine, cutting [
solid steel Bloom 3" thick .!". 1

Ditto, running light

Joist Straightening Press, straighten- [
ing 5" x 4" x g" steel angle ... )

Ditto, straightening 16" x6" R.S.J.

Ditto, running light

Large Double-punching Machine,)
punching 1" holes through f " Y
plate (

Ditto, running light

Punching and Shearing Machine, ^
shearing §" plate, punching ;J" [
in j " plate )

Ditto, running light

Combined Punch Shears and Angle 1
Cutter, cropping 6" x 4" x g" V
sttcl angles... ... ... ...J

Ditto, running light

Battery of 4 Radial Drills, broaching 1
out | " holes to | " 1

Ditto, running light

Stancheon Facing Lathe, facing |
stancheon one tool J" cut x &" [
feed )

Ditto, running light

Horizontal Drilling Machine, drilling j
3" hole, 160 revs., twist drill ... I

Ditto, running light

loist Milling Machine, milling 10" x 1
5"R-s.J )

Ditto, running light

AMPERES
REQUIRED

BY
MACHINE.

5

7

5

15

;o

7

20

,18

35 average

10

45

12

15

5

10

7

10

5

" 4

5

H.P . TO
DRIVE

M A C H I N E .

3-68

1-48

2-06

1-48

4-42

206

206

5-9

5'3O

103

293

13-3

3-40

4-42

1-48

2-93

206

293

1-48

' .3-68

148

H.P. USED
FOR USEFUL

WORK.

2 2

•58

136

18-54

•6

738

9 9

2-94

•87

i'45

2 7

RKMARKS.

V connected, steel
) wheels.

1 Drive, direct spur-
1 connected, steel
) wheels.

\ Drive, direct spur-
[ connected, steel
) wheels.

\ Belt drive, very
) heavy flywheel.

\ Drive, direct spur-
[• connected, steel
I wheels.

] Drive, direct spur-
j- connected, steel
) wheels.

Drive, direct spur-
geared to under-
ground shaft.
Machines bevel
geared to shaft.

1 Drive, direct spur-
V geared to luad-
1 stock.

I Belt drive.

| Drive, direct spur-
f geared to machine.

In the above list the amount of power consumed by the machine is shown,
also the actual power consumed in doing useful work.
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crane-load is very considerable, in comparison with the machine Mr. Aitken.
and lighting loads, it is advisable to run the lights off a separate
generating set. Fig. A. shows a tracing from recording ammeter card
for 24 hours. The sudden fluctuations are caused by the stopping
and starting of the electric travelling cranes, which are of the three-
motor type and for six-ton loads.

With regard to polyphase working, the variations in speed and
torque in an engineering shop are so great that one is compelled to
decide in favour of the continuous current, in spite of the incon-
veniences of the commutators, until such time as the polyphase motors
can be made to do what continuous-current motors will do.

Mr. ANDREW STEWART (communicated) : The comprehensive nature Mr. Andrew
of up-to-date electrical engineering makes it difficult to give the
specialist in one particular branch of the industry a very frequent
innings; considering the importance of electric motive power, the
papers which have just been read on the subject will put on record
much that is valuable. Mr. Chatwood's preference for direct currents
must, I fear, be due more to a lack of acquaintance with multiphase
currents, than to any disadvantages which are inherent in them ; cer-
tainly the cases which he cites, are those in which constant not variable
speed is required. Under these circumstances, surely the author will
not argue that direct currents have any advantages over alternating ;
indeed the latter are just the proper thing in the cases under considera-
tion. That the author should condemn the adoption of four motors in
preference to one, because on paper a balance of 2f per cent, per
annum can be shown in favour of the latter is, one might think, a little
dogmatic. There might easily be collateral advantages which cannot
often be accurately expressed in £ s. d. that would overbalance the
small difference ; if part of the works made even a very small amount of
overtime, judicious grouping to several motors would easily turn the
balance in favour of more than one motor.

The glimpses which we get of the efficiency of some modern direct-
current motors, is a striking commentary on the result of unlimited
competition; the motors may be mechanically strong, but what
engineer who has been engaged in testing them can say that equal
progress has been made in efficiency ? Of course the idiosyncrasies of
the purchaser have had something to do with this ; people seem to want
a motor which is as invulnerable as a modern, ironclad, and with as
little hum as an empty beehive, yet as cheap as possible; something
must be sacrificed, and efficiency is frequently offered as a sacrifice
to the other and more desirable (?) features.

Mr. Williamson gives us a paper which from a practical point of
view could scarcely be beaten. To the man who installs large power
plants many of his deductions are not new, while others permit of
different views. Not every one has been so fortunate with chain-drives
as the author seems to be, but the performance of these are chiefly
governed by environment; there are many cases where they may be
employed in place of worm or double-reduction spur-gearing, though
where the ratio of reduction and space permits, single-reduction spur-
gear would be hard to beat. There are, however, cases when it seems
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Mr. Andrew reducing gear is scarcely justified at all. Take cases where moderate
evvart speeds of 500 to 650 revolutions per minute are required, and horse-powers

of 5 to 10 or 15. In how many cases can one find high-speed motors with
spur-gear used, even where considerations of space are not paramount ?
Taking motors of the aforementioned horse-powers and comparing
slow-speed motors of 600 revs, against high-speed motors of about
1,300 revs, with spur-gear, the efficiency is in all cases about 6 per
cent, in favour, of the slow-speed motor, while the capital cost is only
10 per cent, in favour of the geared motor. Considering that a 15-H.P.
motor using energy at id. per unit can in a year take electrical

....... energy to the value of twice its capital cost, the small extra interest

charge involved in the slow-speed motor is saved from 8 to 10 times over
in a single year ; yet how many examples of geared motors can be
found, with nothing except lower capital cost to justify their existence.

The variable-speed motors which the author mentions on page
937 are not by any means new, but the limit has hitherto been set at
much less than 100 per cent, increase, due chiefly to sparking diffi-
culties. Perhaps he can tell us if commutation takes place under a pole
horn maintained at constant strength by some means ; it does not
appear likely that satisfactory commutation can be obtained without
some special commutating device. The switch Mr. Williamson men-
tions does not seem to present any difficulty, and has been used for
this purpose before; the patentable features should certainly prove
interesting to the men who have for years been engaged on problems
connected with speed regulation.

The crane speeds which the author gives are of more than academic
interest; nothing is more conducive to economy in engineering and
shipbuilding yards than the rapid handling of heavy weights. Who in
charge of a -shop has not seen expensive machines, almost equally
expensive skilled workmen, and a small army of labourers idle, while
a steam or rope-driven crane crawled down the shop with the work ?
Such a spectacle never fails to raise the back of an employer, and by
directing attention to this aspect of the question, one is more likely to
succeed in convincing works owners of the advantages of electricity
than by means of the mathematics which Mr. Chatwood has inserted
in the closing pages of his paper.

The question of a spare plant in a works generating station is raised
by Mr. Williamson, and it is remarkable how central-station practice
has stamped itself on many installations. It may be questioned
whether, in many works, the outlay of 20 per cent, of the capital on
spare plant can be justified. The works owner must first of all be
convinced that electricity is quite as reliable as his old plant, and if he
is told that a certain proportion of his generating plant has to be in
duplicate he will not feel reassured. He argues, not unreasonably,
that he docs not at present duplicate his boilers and engines, and
cannot see, if electric power is quite as reliable, why he should put in
spare generating plant. Many works get along quite well on no spare
plant; I have been connected with several works plants from 200 to
1,000 H.P. where no spare plant has been installed, and in two cases
six years' running has not yet shown that any risk was involved in-
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dispensing with the spare plant, even where in one case a night and Mr. Andrew
day shift is the rule : such repairs as have been necessary in the ewar '
generating station have been executed during week ends and holidays,
just the ordinary factory routine.

The table of costs per unit emphasises what has been recognised by
engineers engaged in power work, viz., that no plant over 200 H.P. can
afford to buy its energy; wholesale power generation is cheap, but it
costs too much to deliver it at the factory. Capital charges on mains
and sub-station plant unduly burden the large undertaking, while the
losses in transmission and transformation have also to be reckoned with.

A works of any size can purchase coal almost as cheap as the large
generating station ; it can put clown its generating plant at almost the
same cost per kilowatt, and if it does not generate as cheaply, the
difference is orrf-y a very small fraction of a penny per unit.

Mr. H. O. WRAITH (communicated): Mr. Chatwood gives tables Mr.Wraith,
stating the maximum brake-horse-power required for certain tools, but
these figures do not really give any useful information, for so much
depends on the feed and speed, that is to say on the amount of metal
removed in a given time. Only within the last week I was in commu-
nication with a firm (not electrical engineers) who had been inquiring
for large lathes, driven by separate motors, and the sizes of motors
quoted for by various toolmakers varied from 4 H.P. to 120 H.P., for
what was nominally the same lathe. The reason for the discrepancy
was that the firms quoting low-powered lathes were offering machines
which would only remove perhaps one-tenth of the metal in a given
time that the higher-powered lathes would. The firm offering 120 H.P.
made no mistake about being able to do the work required.

It would be interesting to hear if the author of the paper has taken
any tests on the basis of measuring the actual work done by the
machine-tool. I think the figures the author gives as to grindstones
used for dressing, etc., are, for this class of work, rather low, and I
should be sorry to put two great hulking seven-foot grindstones used
for these purposes on one poor little 15-H.P. motor in a shop where
any attention is paid to getting work out quickly, and therefore cheaply.
It is the usual thing for the grinder, when dealing with long bars,
to sit on the bars when grinding, so as to get more weight on, and I
have often seen a single grindstone take 13,200 watts, or roughly 15
H.P., when grinding bars, say, two and a half inches wide.

The method of starting grindstones and similar machinery with
heavy moving parts by means of a magnetic clutch is very ingenious,
but has Mr. Chatwood any experience as to the wearing qualities of such
a clutch ? for my experience of clutches is that the cost of renewals,
adjustment, and repairs more than overbalances their advantages. It
appears to me that a simpler and better method is to have a shunt
motor with a few series-turns on, a starter of some form that is not
likely to take any harm from being overloaded now and again, for
preference perhaps a liquid starter, and see that the man who starts the
motor knows what he is doing, and starts slowly. The arrangement the
author proposes is very susceptible to injmy in incompetent hands, more
so than the simpler arrangement above, where about the worst a man
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Mr. Wraith, can do is to blow the fuse, and, unfortunately, in the majority of places
it is very difficult to keep electrical machinery out of incompetent hands .

Mr. Chatwood r ecommends the use of s torage batteries in private
stations of considerable size. Has he any figures in support of this ?
T h e difference between the ordinary day-load and, say, overt ime
load may be great, but in an installation of any size the percentage
of variation of load dur ing ordinary working hours is very little, and if
the installation has been properly designed, the genera t ing plants are
of such a size as to fit in with the different loads at different periods of
the twenty-four hours, so that whatever genera t ing p lant is running, is
running as near as possible to its maximum and therefore most efficient
load. T h e bat tery is only occasionally useful and economical, on small
overtime loads, and taking into account its heavy first cost, space it
occupies, and large depreciat ion, I think there is no doubt , in nearly
every case, it is not worth put t ing in, and that it is cheaper in the long
run to keep an engine running for overtime, except perhaps in the case
of offices, which hardly come under the head of machine shops, or
where there is a lot of Sunday repair work done, which would necessi-
tate, in the absence of a battery, firing up a boiler. Such places where
Sunday work is done are, however, few and far between, and in such
cases a bet ter solution of the local problems would probably be found
in a gas-driven plant.

Mr. Mr. A. B. C H A T W O O D (in reply): Before I reply to one or two points made
chatwood. by speakers in the discussion, I should like to congratulate Mr. William-

son, first on having had the opportunity of dealing with works such as
those descr ibed in his paper, and secondly on having had the unselfish-
ness to give us experimental results such as he has done in his paper ,
of which I do not think we can fully apprecia te the value here and
now. I t is in the months to come that we shall find out how valuable
they are, when we use them constantly for reference. On pages 934
to 936 of Mr. Wil l iamson's paper he speaks of the driving cost
differences with various groupings of a certain number of lathes, and
he says the working condit ions would be fairly represented by assuming
eight out of ten machines to be in use, the remaining two having tools
or work changed or set. Unfortunately my experience has not lain
in shops where that s ta tement would be at all true. T h e probable
working condit ions in these shops are that about two tools out of ten
would be working, and the advantage, therefore, in those cases of a
divided drive would be very much more pointed than is shown by
Mr. Will iamson. Mr. Allen has explained to us a method of driving
which, personally, I had not come across to any extent, but I think
that in the bulk of small shops the 25 per cent, which he put down as
a saving would be a long way off the mark, because the abolition of
counter-shaft a r rangements and belts off the line shaft would, I think,
cause a saving of very much more than that—at any rate , in shops such
as I have been speaking about. Mr. Scott called at tention to a mat ter
that is ment ioned I think, in both the papers that were read—that is,
to the use of a flywheel or a very large armature . I do not think that
its impor tance can be very much exaggerated in some cases with
reversing machines and with machines with intermit tent load. He also
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spoke at some length on three-phase plant, and Mr. Patchell made Mr.
some remarks about it. I have been for the last two or three months
carrying out experiments in a cotton mill in order to determine a good
many points that never have been determined as far as one can find
out, about driving cotton machinery electrically, and I think I may
say that in all probability the mill is going to be driven electrically.
It is a small Bolton mill of 125 H.P., and one of the great objects of
going in for the conversion to electric driving is the doing away with
all the bother of having driving plant of any sort to look after. The
Corporation of Bolton can supply either single-phase alternating
current or direct current. This mill, I need not say, will be driven
by direct current. At the same time, I have no doubt whatever that
if electric driving spreads into the cotton mills of Lancashire, three-phase
plant will be put down, and I think very likely some go-ahead towns—
such as, perhaps, Bolton—will go in for supplying three-phase current
specially for mills at a price considerably under a penny. But I do
not think that three-phase motors are universally applicable for driving
machine tools. One of the very great advantages of electric driving
is the question of delicate speed control, and of not being compelled
to jump from 200 to 400 revolutions, or from 400 to 800 revolutions,
or anything of that sort. Personally, my experience with polyphase
motors is that up to the present they are certainly deficient in speed
variation. Mr. Scott advocated the use of long cones and belts to get
over the difficulty of delicate speed control with the polyphase motor,
and he said that belts were good enough for our grandfathers and
they were good enough for our fathers, and I understood him to infer
that therefore they are good enough for us. I think the object of
having papers at this Institution is to advance a little on what our
grandfathers did. I do not want to say very much about our grand-
fathers and fathers ; they were very good people in their way—at leabt .
mine were—but I have spent some eleven years in connection with
works where that principle was carried out, and I must say that, as far
as one's work was concerned, I never had such a miserable time.
Mr. Scott also spoke about armatures burning out. I have had
experience of a good many motors, and I have had, in machine-tool
driving, one case of an armature being burnt out. I was not very
much surprised about it, because it was a motor that I built myself
for experimental purposes about fourteen years ago.

Dr. Rhodes has somewhat mistaken the view I attempted to express
at the end of my paper on the question of generating current. I most
cordially agree with him in saying that where the demand is large it is
better to generate one's own current. The point which I wanted to
enforce in my paper was simply, that if you can purchase current from
an outside source as cheaply or nearly so as you can produce it yourself,
then it is better to save the worry of having another department to look
after and devote the portion of your energies thus saved to increasing
your own particular business. I do not think that in any of the
particular cases given in my paper, especially as none of these shops
have any electrical people at present, Dr. Rhodes would advise genera-
tion on the premises.



1010 WILLIAMSON AND CHATWOOD : [May 14th,

Mr. I can quite believe Mr. Wrai th 's statement as to the various powers
a vv0° ' quoted by tool makers for the same lathe, as I have experienced a case

in which the tool maker who built a machine stated that a 6 H.P .
motor was big enough for i t ; a 40 H.P. was put upon it, and this has
been replaced by a 60 H.P . Quite apart from this ignorance of some
tool makers, the cutting power of what is nominally the same lathe by
different makers varies enormously.

Tests of the nature suggested by Mr. Wrai th hardly come within
the scope and object of the paper, which was intended rather to point
out what is actually taking place in connection with electric driving
installations of small shops carried out by men absolutely ignorant of
the subject, and to point out some, at any rate, of the numerous factors
which should influence the arrangements of any particular case. I can,
however, give the figures obtained on a 6-inch lathe dur ing the course
of some experiments which I carried out on various samples of steel :
but I should not like any one to expect a result anywhere near this
in ordinary practice, as the circumstances were here entirely special.

T h e steel cut was 1 in. diameter bright drawn bar, cutting speed 50
feet per minute, tool $ths round silver steel very carefully treated, held
in a Smith and Coventry holder, cutting angle 550 15 ' ; front clearance
7° 55'. Rate of cutting, 22*84 lbs. per hour. Power absorbed at tool point,
0*314 H.P.—equivalent to 72*6 lbs. of steel removed per hour per H.P.

The grindstones referred to in the paper are not used with the
object of removing as much metal as possible, but simply for removing
rust and scale and for dressing small rivet heads : the powers given in
the paper have been obtained from actual practice. Where , however,
stones such as these are used for heavy work, as is the case in the
manufacture of textile machinery, the power absorbed will sometimes
surpass the figures given by Mr. Wrai th .

Mr. Wrai th is, I think, under a misapprehension as to the magnetic
clutch. The arrangement described, somewhat imperfectly perhaps, is
not a mechanical clutch magnetically operated, but entirely magnetic,
the two parts of the clutch being separated by a fixed small air-gap, so
that there is in the clutch itself no wear.

I must flatly contradict Mr. Wraith 's statement that I " r e c o m m e n d
the use of storage batteries in private stations of considerable size." In
small shops such as those described in the paper the fluctuations of load
are considerable—from 2*5 to 9*3 H.P. in one case, from4-6 to 23*6 H .P .
in another. The statement in the paper is, I think, rather a reminder
that it is desirable in each particular case to consider whether or not
batteries would be advantageous. So many local circumstances enter
into the matter, that it would be impossible to form any general opinion.

Mr. Andrew Stewart seems to have read the paper somewhat care-
lessly, as in the three cases cited specificially, pages 979 and 980, as
well as in the summary of the possible advantages of the installation of
electric driving, page 971, the advantage of variable speed is sufficiently
insisted on. I expressly stated, however, that in my opinion there was
no general question of al ternating and continuous current, but that
every case must be decided on its merits.

I should like to point out that I did not condemn four motors instead
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of one in Case 2 because of the slightly increased cost, but because Mr.
" almost the whole of the shafting is to be driven and no one of the . '. . '
advantages of electric driving is to be secured," and at the same time
pointed out that the cost would be slightly higher.

May I refer to the diagram given in the paper with regard to two
planing machines, as I think an analysis of them will give a clear idea
of what goes on in shops such as those discussed in my paper. The
power absorbed by the smaller machine when not actually cutting is
considerably greater than that absorbed by the larger, although the
speeds are slower, showing that the condition of the smaller machine
is such as to require examination. It is hard for men trained in
up-to-date shops to realise the conditions which prevail in shops which
were all right thirty years ago, but which have not advanced in any way
since.

I should like to feel that we, both as individuals and as an institution,
are doing all we can to influence manufacturers and their managers
to consider carefully every case of electric driving, and not to follow
the policy which has been followed in the shops noticed in my paper, a
policy which can only be described as " the shove-a-motor-down policy."

Mr. A. D. WILLIAMSON (in reply) : I thank you very much indeed Mr.
for the very kind remarks that have been made about my paper ; I think Wlllianison-
almost too much has been said in that direction. If the paper is of
value, it is simply due to the fact that I have been in the position to
accumulate useful information. Now with regard to the discussion,
the first point raised was the question of breakdowns. I have thought
about it, but I cannot remember any serious breakdowns whatever.
We have had to stop occasionally—possibly for a hot rod, or something
of that sort—but dividing the plant in the way I have mentioned in the
paper, we have always had some spare plant to carry on, and it has
caused no stoppage of the works. If we had any trouble at all, it has
been not with the electrical plant, but with the steam plant—with the
boilers. I do not think the comparison between the large marine
engines and electric generating plant is quite fair, because a steamer
has to have one large engine—there is no help for it. If that breaks
down, the ship is stopped. That large engine is always working at
maximum load, and therefore at maximum efficiency. But if we put
one large engine into a works, that engine would have to work some-
times at only one-tenth of the full load, and therefore at very poor
efficiency. So the two cases can hardly be compared.

I do not quite follow Mr. Mavor's statement that the real argument
for adopting electric driving is " the possibility of introducing econo-
mical plant into the generating stations." I think rather that the
centralisation of the plant is the main argument. Whether the plant
be old or new, economical or wasteful, within reasonable limits the
cost of labour will not be altered. Coal and water arc reduced by
economical engines, but these two items only represent about half the
cost per unit at the switchboard.

The economy of electric driving must be considered in terms of
useful work at the machines and tools. Replacing an old and inefficient
engine which drives direct to line shafting, by a new engine of high
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Mr. efficiency and a dynamo and motors, will not reduce costs so long as
W i l l i a m s o n . . , , , . , . , - . , , , , . ,

the load remains high. It may, however, have a very marked economical
result if the load is a varying one and full advantage is taken of the
opportunity to cut out shaft and belt losses at times of light load.

There can be no general argument for or against electric driving;
each case has its pros and cons.

I do not mean to suggest that economical engines should be passed
over, but I attach more importance to careful attention to the arrange-
ment of machine driving together with absolute reliability in the
generating station.

I quite agree with Mr. Selby Bigge. He says that the power-house
should be designed in proportion to the whole area of the works—that
is, to leave room, as I understood him, for all the generating plant that
is likely to be required at any time. That is what we tried to do. We
have not only extended the shops, but we have also bought more land—
when the first power-houses were planned, nobody could foresee that.
The method of allotting space for power-house in recent cases was to
take the total acreage of the land, and from the figures which are
published in the paper to estimate what is the maximum amount of
power required to drive all the machines which we could put into the
buildings covering the whole of that ground. Those figures in the
paper will be found fairly accurate for works of a similar nature. It is
not always possible to get as much space as one would like in a central
position to put down the plant. That is why we had to divide it and to
have two or three separated stations. Then about the insulation on the
overhead wires. We provide a light insulation, as I say, chiefly for
the protection of the telephone wires, which have an unfortunate habit
of falling, and when they come across the power wires there is trouble
and the telephone service is interrupted. After six years we find that
none of the light insulation has conic off the wires, and it is apparently
in a perfectly good state of preservation. The recent machines which
we have put down, within, say, the last year or two, are nearly all
designed for variable speed. It is becoming much more common now
than it was to have variable speed. I think that is chiefly due to our
having found out the extreme convenience of it. I have spent a good
deal of time looking about for alternating-current motors which possess
the quality we have been hearing about of a large range of speed
variation, but I have really never come across a practical solution of
that difficulty yet. I have been in most of the Continental electrical
works and manufactories, but I have never come across a case which
was seriously described as a practical solution of the difficulty. I am
very pleased to find that every speaker has agreed on the question of
circuit-breakers. They were a constant source of worry to me at the
works, fuses with a liberal margin are very much better. As regards
saving in the works, Mr. Selby Bigge put it down roughly at 35 per-
cent. Curiously enough, I have worked out a number of cases where I
could get fairly reliable data, and I came to exactly the same conclusion
that it was between 30 and 40 per cent. You may take it as 35 per
cent, on the average when you are dealing with works of this nature.
When we started to put down this plant, we had to choose between
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alternating and continuous current. Of course, at that time there was Mr-
i . , 1 4 . Williamson,

very little comparison between the two.
There is no doubt that improvement has been made in alternating

motors, but I do not think that they compare for our class of work—for
solid engineering work, where you want a very heavy starting torque in
the case of cranes and shop machines with flywheels, which take a great
deal of starting, and also with machines requiring speed variation. I
think those two points are most important, and I fail to see where the
advantage of 3-phase work comes in when you are dealing with short
distances, and where, if you use 3-phase plant, you would not exceed the
pressure which you use for continuous. I think it is a positive dis-
advantage, because, if I had 3-phase machinery in the works, I should
feel tempted to put transformers in, in order to get two or three different
pressures, and by doing so, of course, would throw away a certain
amount of energy. I agree with Mr. Allen entirely on the question of
clutches. We have used clutches in a number of cases and found them
exceedingly good, but six or seven years ago we had a difficulty in
getting them. Mr. Fairfax spoke of the speeds we have chosen. We
had to choose those speeds, averaging about 600, as a compromise
between the excessive cost of low-speed motors and the difficulty of
reducing high-speed motors down to the point where you would wish
to use the power. This is a very interesting gearing indeed which he
has brought forward to-night, but I am afraid that to get only a differ-
ence of speed of from 800 to 650 on four pulleys side by side would not
meet our requirements in all cases. This model seems to run very
nicely, but for most tool operations we require a much wider range of
speed. Mr. Russell, speaking of the Silvertown Company, says there are
a number of cases where it would not do to put in motor driving and
displace engines which are there at present. I quite agree with that in
general. In many cases there are operations which are much more
economically done by steam-engines, taking into account the
capital outlay involved in electrical driving arrangements. In our
own works we started with that idea and modified it a great deal,
because we found that by putting on every machine at all suitable for
electric driving, we increased the load on the generating plant and
secured a steady demand for the current, thus reducing the cost per unit
very considerably all round. When a fresh operation was put on to the
power plant, although it might not be done any cheaper than it was
originally, yet by increasing the load at the generating station, and
dividing the standing charges between many more units per annum,
we found it cheapened the cost of production on all the other operations
about the works. In considering the cases of applying motors to a works
like the Silvertown or any other works, it is very important to take into
account whether labour can be saved or not. It is a question of
reducing the staff of engine-drivers and firemen to a great extent.
It is not so much a question of an isolated engine as of an isolated
boiler—that is the trouble that has to be got rid of. With regard to the
worm-gearing which is used' in the Silvertown works, I have had
experience of fairly heavy power worm-gearing under exactly similar
circumstances—that is, in indiarubber works. I had tests made there
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Mr. of it, and the efficiency came out between 85 and 90 per cent. Ball
Williamson. t r u s t s w e r e u s e d , and of course it was fairly modern gear, very well

made and running in oil, and i t had a long life. There was absolutely
no fault to find with it for that special work. I t is too expensive for
ordinary work, I think, and not quite as efficient as spur-gearing. I
quite agree, also, that chain-gearing costs at least 50 per cent, more than
spur-gearing, but it has so many advantages that I think it is worth
paying for it in many cases, in order to get a compact drive.

I did not mean to speak disparagingly of smooth-core armatures,
because we have.five or six smooth-core machines now of about 250
horse-power, and though they have been running for six years they have
not cost anything at all for repairs. But as we can buy slotted arma-
tures for much less money than we gave for these old smooth-core
machines, I much prefer to have slotted ones, because" they are
undoubtedly stronger. In the early days I had a number of cases of
the armature conductors being swept round the face of the core, in
smooth-core motors, subjected to heavy variations of load. W e have
had no troubles of that sort with any generators, though in the six years
we have had them they must have had a good many short-circuits.
Coming to Mr. Scott's remarks, my experience is practically confined
to continuous currents, and I have done very little with al ternating
currents ; but as far as my continuous-current experience goes, it is
totally different to Mr. Scott's. W e do not have to continually renew
carbon brushes, and we are practically unaware that there is a com-
mutator on the machine—it gives no trouble. There is one point that
Mr. Scott raises, and that is the comparative space occupied by the
continuous- and alternating-current motors. Mr. Scott says you
can put an alternating-current motor in a space into which you
could not get a continuous-current motor. Does that include the
speed cone that Mr. Scott recommends for varying the speed ? I
should think probably not. T h e question of gas-engine plant was
mentioned. I t is only recently that we have been able to get a big
gas-engine. W e are adding some gas-engines now, and if we had
work to do again of a similar nature we should put in gas-engines
without a doubt . W e are at present building some very large
generators for a works in Glasgow, which are to be driven by gas-
engines at slow speed. W h e n the plant is big it pays to put down
Mond gas plant, but if you have got a small plant it does not pay. T o
reap the full benefit of all the bye-products in connection with the
Mond gas plant you must have a fairly big plant to deal with. Mr.
H a m m o n d mentions the high consumption of coal. Tha t has troubled
me a great deal, but I cannot help it. Those are the figured. I think it
is partly due to having small sets, and then in the case of the North
Power-house we are non-condensing. Another way I account for
the high cost is that we have steam-driven auxiliaries—the feed-
p u m p s and the condensers being driven by steam. There is no doubt
that these small auxiliaries when they are steam-driven eat up a great
deal of steam, and steps are being taken at the present t ime to replace
this steam auxiliary plant by electrically-driven plant, and when that is
done I am pretty sure that we shall get this objection removed.
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I do not think that the load-factor plays such a very important part Mr.
in fuel-cost. Consider the two cases of a perfect load-factor and
that at the Sheffield Works. The first would be represented by
a continuous electro-chemical process when the steam consump-
tion would be steadily at its minimum, say 15 lbs. per B.H.P. hour
for condensing engines of 500 B.H.P. The load-factor at Sheffield
is of such a nature that we can only run generators up to, say, an
average of 75 per cent, of full load, allowing a margin for fluctuations
in demand. Our steam consumption would not be more than 16
lbs. for the same size of unit. This difference is only about 6 or 7 •
per cent., and would only raise the coal per unit from o^d. to o-32d.
To go further, lighting stations have a far worse load-factor, but
their sets do not usually run at a lower mean load than 75 per cent., so
that during the time they are on they work as efficiently as the sets in
the steel works. No doubt some additional loss is made in lighting
stations, by having to light boiler fires and keep them banked waiting for
load, but my point is that load-factor affects coal consumption very
little, while it affects wages and standing charges largely.

The calorific value of the coal used at Sheffield is 12,720 British
Thermal Units, this being a mean of five kinds of coal.

Replying to Mr. Stewart's question as to the means adopted to secure
sparkless commutation with weak field, I may state that no special form
of pole-tip or commutating device is used ; the main principle of design
is to make commutation as natural and easy as possible. There is no
question that perfect icommutation is secured over the ranges of speed
mentioned, and that with very little addition to the weight compared
with a constant-speed machine whose speed is, say, midway between the
maximum and minimum of that of the variable-speed motor.

Mr. Stewart is right in saying that variable-speed motors are not new.
I have used them ifor six or seven years, although it is only within the
last four years that I have made full use of the convenience of variations
of 200 or 300 per cent, in speed.

Mr. Chatwood says he thinks that two machines working out of ten
would represent working conditions more fairly than eight out of ten.
If we found that to be the cafse in our works, we should look out for some
new foremen.

The PRESIDENT : We have certainly had very interesting papers The
from both these gentlemen ; they are papers which I think do an President-
Institution'- like ours a great deal of good, because they teach the
outside world what they ought to know—viz., that electrical current
can be used to great advantage in many cases where the public may think
its adoption of doubtful utility. It is quite needless, after the full and
interesting discussion that has taken place, for me tp say anything,
because I can see by the way that you have listened to the remarks of
Mr. Williamson and Mr. Chatwood, and also to the gentlemen who
have discussed the papers, that we are very much indebted to them
for what they have done for us. Without further words I ask you to
show your appreciation in the usual manner.

The vote was carried by acclamation.




